.-We investigated the levels of adrenomedullin (AM) system during the process of preadipocyte differentiation and its role in lipid metabolism and cellular signaling mechanism in differentiated adipocytes. We cultured rat preadipocytes and measured the following during the process of differentiation: two molecular forms of AM in the culture medium using a specific immunoradiometric assay and gene expression of AM and its receptor component using RT-PCR analysis. In differentiated adipocytes, we measured the effects of AM on the intracellular cAMP level, lipolysis, glucose incorporation, and the protein levels. Two molecular forms of AM were secreted into the medium, and the AM-mature/AM-total ratio was increased after 6 days of differentiation. Cultured rat preadipocytes highly expressed the genes of AM and its receptor components at day 1, and they increased at day 10. Administration of AM to preadipocytes increased the number of Oil Red O-positive adipocytes and spectrophotometric absorbance of Oil Red O. AM dose dependently increased cAMP level and lipolysis, and its effect was blocked by CGRP(8-37). Isoproterenol increased lipolysis, and AM had additive effects on isoproterenol-induced lipolysis. KT5720 and U0126 significantly inhibited the AM-induced lipolysis, whereas KT5720, but not U0126, significantly inhibited the isoproterenol-induced lipolysis. AM increased glucose incorporation and its effect was blocked by wortmannin. Western blot analysis revealed that AM increased phospho PKA, ERK, and Akt. These results indicate that AM and its receptor component are highly expressed in cultured adipocytes and may play a role in lipid metabolism via a different signaling pathway.
RNA is highly expressed in the kidneys, lung, vasculature, and cardiac ventricles (12) . AM is considered to act as an autocrine and/or paracrine factor, and increased AM in various pathological conditions exerts cardiorenoprotective effects via antiapoptotic, anti-inflammatory, and antioxidative actions (8, 22, 28) . These facts suggest that AM is involved in the regulation of the cardiovascular system.
Recent studies demonstrated that rat adipose tissue contains AM mRNA (14, 23) , and adipose tissue obtained from rats fed a high-fat diet expresses greater amounts of AM than that obtained from rats fed a normal diet (2) . In addition, studies in humans showed that plasma AM correlates with body mass index, and circulating AM is elevated in overweight patients with essential hypertension (34) and is decreased with a reduction of body weight by a hypocaloric diet (18) , suggesting a role of AM in human adipose tissue.
However, the molecular form of AM and gene expression pattern of AM and its receptor system (CLR and RAMPs) in differentiating adipocytes are scarcely investigated. Furthermore, the role of AM in lipid metabolism in differentiated adipocytes is not fully understood. We, therefore, investigated the levels of different molecular forms of AM and the mRNA expression of AM and its receptor system during the process of preadipocyte differentiation. We also examined the role of AM in lipolysis and glucose incorporation in differentiated adipocytes and its cellular signaling mechanism.
MATERIALS AND METHODS
All procedures were in accordance with our institutional guidelines for animal research, and our experiments were approved by the Dokkyo Medical University Animal Care Committee. The investigation conformed with the Guide for the Care and Use of Laboratory Animals published by the U.S. National Institutes of Health.
Cell culture. Rat preadipose cells (MK427) were purchased from the Takara (Osaka, Japan) and were grown in DMEM supplemented with 10% FBS at 37°C in an atmosphere of 5% CO 2. Confluent cells were allowed to differentiate into adipocytes in DMEM containing 10% FBS supplemented with 2.5 M dexamethasone, 10 g/ml insulin, and 0.5 mM 3-isobutyl-1-methylxanthine (differentiation medium) for 48 h and then with postdifferentiation medium containing 10% FBS and insulin, which was changed every other day.
Oil red O staining. Adipogenesis was monitored by morphological examination of the cellular accumulation of lipid droplets and Oil Red O staining. Confluent rat preadipocytes were treated for 2 days with DMEM supplemented with 10% FBS and then treated with differen-tiation medium (day 0). On days 0, 3, 7 , and 10, adipocytes were fixed with 10% formaldehyde, washed with PBS, and stained with Oil Red O (0.3% in 60% isopropanol), followed by extensive washes, and the stained triglyceride droplets were visualized and photographed.
Assay for two molecular forms of AM. One milliliter of the conditioned medium of the adipocytes incubated in a 10-cm dish was collected at 2, 4, 6, 8, and 10 days after the cells were transferred to differentiation medium (32) . Each sample of conditioned medium was boiled for 10 min after the addition of one-tenth volume of 1 mol/l acetic acid to inactivate intrinsic proteases. After cooling, the boiled medium was evaporated to dryness in a vacuum. AM-mature and AM-total (AM-matureϩAM-glycine) in the culture medium were measured by immunoradiometric assays using specific kits (AM mature RIA Shionogi, AM RIA Shionogi, Shionogi, Osaka, Japan) with some modifications as previously reported (30) . The amount of AM-glycine, the inactive form of AM, was calculated using the following equation: (AM-glycine) ϭ (AM-total) Ϫ (AM-mature). The assay's minimal detectable concentration of AM-m or AM-T was 0.5 pmol/l for both kits (30) .
Quantification of messenger RNA (mRNA). Total RNA from adipocytes was extracted using the acid guanidinium thiocyanate-phenolchloroform method, and first-strand complementary DNA was synthesized, as previously reported (29) . The gene expression levels of AM, CLR, RAMP2, RAMP3, PPAR␥ leptin, adiponectin, FAS, IR, ISR-1, AP2, GLUT4, peptidyl-glycine alpha-amidating monooxygenase (PAM), and GAPDH in the adipocytes were determined by real-time quantitative RT-PCR (qRT-PCR) with the use of ABI 7700 and specific primers, as reported previously (25) . Quantification of each mRNA was performed using the following formula: amount of original template of each molecule/amount of original template of GAPDH.
Quantification of Oil Red O. To investigate the effect of AM on adipogenesis, confluent rat preadipocytes were treated for 2 days with differentiation medium with and without AM (10 Ϫ6 M) and then with postdifferentiation medium containing 10% FBS and insulin with and without AM (10 Ϫ6 M), which was changed every other day. On days 5 and 7, adipocytes were fixed with 10% formaldehyde, washed with PBS, and stained with Oil Red O (0.3% in 60% isopropanol), followed by extensive washes. The stained triglyceride droplets were quantified using an adipogenesis assay kit (Chemicon, Temecula, CA).
Assay for cAMP and cGMP. Differentiated adipocytes incubated in 24-well plates were washed two times with prewarmed PBS and were switched to 0.5 ml of Dulbecco's balanced salt solution containing 2% BSA and 4.5 mg/ml glucose. Following each treatment of adipocytes with various concentrations of AM with or without CGRP or AM in the presence of 0.5 nM 3-isobutyl-1 methyl-xanthine, the medium was removed, and the cellular extract was obtained with the use of cold 70% ethanol (27) . The incubation time was 10 min. Each ethanol sample was evaporated in a vacuum until dry. The eluate was dissolved in RIA buffer. The RIA for cAMP and cGMP was performed with a RIA kit (cyclic AMP and GMP assay kit; Yamasa Shoyu, Chiba, Japan), as previously reported (29) .
Lipolysis. Differentiated adipocytes incubated in 24-well plates were washed two times with prewarmed PBS and were switched to 0.5 ml of Dulbecco's balanced salt solution containing 2% BSA and 4.5 mg/ml glucose (lipolysis buffer) (20) . After incubation for 1.5 h, the buffer was changed to fresh lipolysis buffer with or without inhibitor, and the cells were further incubated for 1 h. Then, in the presence or absence of AM and/or isoproterenol, the cells were further incubated for 1 h, 180 l of buffer was collected, and the glycerol concentration was determined using the tryglyceride E-test Wako (Wako Chemical, Tokyo, Japan).
Glucose incorporation measurement using 2-deoxy-D- [1] [2] [3] H]glucose. The differentiated adipocytes incubated in 24-well plates were washed two times with prewarmed PBS and were changed to 0.5 ml of DMEM containing 0.1% FBS and further incubated overnight h at 37°C. Next, the cells were washed with PBS and changed to KrebsRinger phosphate buffer with or without inhibitor. After incubation for 1 h, the buffer was changed to Krebs-Ringer phosphate buffer with or without inhibitor in the presence or absence of AM or insulin, and the incubation was continued for 1 h. Then, 2-deoxy-D- [1- 3 H]glucose was added, and the cells were subsequently incubated for 30 min. The cells were washed twice with PBS and then solubilized with 0.1% SDS in 1 N NaOH. The radioactivity incorporated into the cells was measured with a liquid scintillation counter (1) .
Western blot analysis. The differentiated adipocytes incubated in 60-mm plates were washed two times with prewarmed PBS and were changed to 0.5 ml of DMEM containing 0.1% FBS and further incubated for 24 h at 37°C. Next, the cells were washed with PBS and changed to Krebs-Ringer phosphate buffer with or without inhibitor. After incubation for 1 h, the buffer was changed to the Krebs-Ringer phosphate buffer with or without inhibitor in the presence or absence of AM, isoproterenol, or insulin, and the cells were further incubated for 10 min. The cells were then lysed, and immunoblot analysis was performed by using antibodies against PKA, phosphoPKA, Akt, and phosphoAkt, as described previously (33) . Peroxidase-labeled proteins were detected with the enhanced chemiluminescence detection system (Amersham International, Little Chalfont, UK) on X-ray film, and the results were quantified by densitometry.
Statistical analysis. All data are expressed as means Ϯ SD. Multiple comparisons were performed by one-way ANOVA followed by by Bonferroni's test. P values of less than 0.05 were considered to indicate statistical significance. Secretion of two molecular forms of AM during adipocyte differentiation. Figure 2A shows the time course of the secretion of two molecular forms of AM into the medium during the process of preadipocyte differentiation. Preadipocytes secreted both molecular forms of AM into the medium, and their secretion was reduced in a time-dependent manner. On days 2 to 6, AM-glycine levels were higher than AM-mature levels, whereas on days 8 and 10, the AM-mature level was higher than the AM-glycine level. Figure 2B shows the time course of the AM-mature/AM-total ratio. The AM-mature/AM-total ratio increased in a time-dependent manner. On days 8 to 10, the percentage of AM-mature/AM-total was about 60 -65%, suggesting that most of the AM secreted into the medium from differentiated adipocytes was the active form of AM.
RESULTS

Time
Time course of AM secretion during adipocyte differentiation. Figure 3 shows the time course of the mRNA expression of AM, its receptor components (CLR, RAMP2, and RAMP3), and PAM. On day 1, the mRNA expression of AM, all of the AM receptor components (CLR, RAMP2, and RAMP3), and PAM was detected. On day 5, the mRNA expression of AM was significantly increased compared with that on day 1, whereas the mRNA expression of CLR, RAMP2, and RAMP3 decreased on day 5, and the mRNA expression of PAM was not changed on day 5. On day 10, the increase of AM mRNA expression was maintained, and the mRNA expression of CLR, RAMP2, RAMP3, and PAM was increased compared with the levels on day 5. The mRNA expression of CLR, RAMP2, and PAM was higher than that on day 1, whereas the mRNA expression of RAMP3 was lower than that on day 1.
Effect of AM on adipocyte differentiation. AM treatment of preadipocyte with 10 Ϫ6 mol/l increased the number of Oil-Red O-positive cells compared with control ( Fig. 4A-D) . On days 5 and 7, the more differentiated state of rat adipocytes was indicated by the higher spectrophotometric absorbance of Oil Red O in AM-treated adipocytes compared with that in untreated adipocytes (Fig. 4E ). In addition, mRNA expressions of leptin and PPAR␥ were highly expressed at day 5 in AMtreated adipocytes compared with control. Effect of AM on lipolysis. Figure 5A shows the effect of AM on intracellular cAMP level in adipocytes. AM at 10 Ϫ9 M significantly increased intracellular cAMP levels and AM dose-dependently increased intracellular cAMP levels at concentrations of 10 Ϫ9 to 10 Ϫ6 M; however, AM did not increase intracellular cGMP levels in adipocytes (Fig. 5B) . AM-induced increase of intracellular cAMP levels in adipocytes was blocked by AM receptor antagonists CGRP or AM (Fig. 5C ), suggesting that differentiated adipocyte expresses CGRP-and AM-sensitive receptors. However, the inhibitory effect of CGRP was more potent than that of AM . Figure 5D shows the effect of AM on lipolysis. Lipolysis was evaluated by measuring glycerol levels in the medium. AM at 10 Ϫ9 M significantly increased glycerol levels and AM dose dependently increased glycerol levels at concentrations of 10 Ϫ9 to 10 Ϫ6 M. Figure 5E shows the combined effects of AM and isoproterenol on lipolysis. Isoproterenol treatment significantly increased glycerol levels at 10 Ϫ9 M, and isoproterenol dose dependently increased glycerol levels at concentrations of 10 Ϫ9 to 10 Ϫ6 M. An additive effect of AM and isoproterenol on lipolysis was observed at their lowest concentrations (Fig.  4E) . The maximal lipolytic effect of isoproterenol was amplified by the addition of 10 Ϫ7 M AM, suggesting that the cellular signaling pathways of the two compounds may be different. AM-induced lipolytic effect was also blocked by AM receptor antagonists CGRP and AM (Fig. 5F ), as shown in intracellular cAMP level. To investigate the intracellular signaling mechanisms responsible for the effects of AM on lipolysis, we evaluated the effects of various inhibitors on AM-induced lipolysis. KT5720, a PKA inhibitor, significantly decreased the AM-induced lipolysis (Fig. 6A) . Isoproterenol-induced lipolysis was also inhibited by KT5720 (Fig. 6D) . U0126, an ERK inhibitor, significantly reduced basal lipolysis, indicating that the MEK/ ERK pathway regulated basal lipolysis in these cells (Fig. 6B) . Interestingly, the AM-induced lipolytic effect was completely inhibited by U0126 (Fig. 6B) , whereas U0126 attenuated the isoproterenol-induced lipolysis slightly and not significantly (Fig. 6E) . The lipolytic effects of AM or isoproterenol were not inhibited by wortmannin, a PI-3kinase inhibitor (Fig. 6C, F) .
Western blot analysis showed that AM and isoproterenol caused significant increases in PKA phosphorylation in adipocytes, and this effect was inhibited by KT5720 (Fig. 6G ). U0126 and wortmannin did not affect the AM-and isoproterenol-induced phosphorylation of PKA in adipocytes. Interestingly, AM, but not isoproterenol, caused an increase in ERK phosphorylation in adipocytes, and this effect was inhibited by U0126 and KT, but not by wortmannin (Fig. 6H) , suggesting that AM-induced ERK phosphorylation is mediated by PKA pathway.
Effect of AM on glucose incorporation. Fig. 7A shows the effect of AM on glucose incorporation. Glucose incorporation was evaluated by measuring 2-deoxy-D- [1- 3 H]glucose levels in the adipocytes. AM at 10 Ϫ7 M significantly increased glucose incorporation and AM dose dependently increased the glucose incorporation at concentrations of 10 Ϫ7 to 10 Ϫ6 M (Fig. 7A) . Insulin treatment significantly increased glucose incorporation at 10 Ϫ8 M, and insulin dose dependently increased the glycerol level at concentrations of 10 Ϫ8 to 10 Ϫ6 M (Fig. 7B) .
To investigate the intracellular signaling mechanisms responsible for the effects of AM on glucose incorporation, we evaluated the effects of various inhibitors on AM-induced glucose incorporation. Wortmannin, a PI-3 kinase inhibitor, significantly reduced basal glucose incorporation, indicating that the PI-3 kinase-Akt pathway regulated basal glucose incorporation in these cells (Fig. 7C) . Interestingly, wortmannin significantly inhibited AM-induced glucose incorporation (Fig. 7C) , as well as insulin-induced glucose incorporation (days 1, 5, and 10) . Quantitative analysis of AM, CLR, RAMP2, RAMP3, and PAM mRNA levels normalized by the GAPDH mRNA level. Data are expressed as means Ϯ SD. *P Ͻ 0.05 vs. 1 day, ***P Ͻ 0.001 vs. 1 day, † † †P Ͻ 0.001 vs. 5 days. Fig. 4 . Oil Red O staining and Oil Red O absorbance of rat preadipocytes during differentiation. Cells were fixed and stained with Oil Red O at day 7. A and B: magnification is ϫ10. C and D: magnification is ϫ200. Oil Red O absorbance was higher in AM-treated preadipocytes than in the control. E: bar graph shows the quantitative analysis of leptin (F), PPAR␥ (G), and adiponectin (H) mRNA levels normalized by the GAPDH mRNA level. *P Ͻ 0.05 vs. control. (Fig. 7D) . KT5720 or U0126 did not significantly affect AMinduced glucose incorporation (data not shown).
AM also caused a significant increase in Akt phosphorylation in adipocytes, as insulin did, and this effect was abolished by wortmannin (Fig. 7E ), but not KT5720 or U0126 (data not shown). Insulin-induced Akt phosphorylation was inhibited by genistein (data not shown).
DISCUSSION
In the present study, we examined the role of AM and its receptor system (CLR, RAMP2, and RAMP3) in the differentiation of rat cultured preadipocytes, and showed that the mRNAs of AM, CLR, RAMP2, and RAMP3 were highly expressed in cultured rat preadipocytes. Preadipocytes secreted a considerable amount of AM, most of which was AM-glycine. With the differentiation of preadipocytes, the AM-mature/AMtotal ratio increased with an increase of mRNA levels of PAM, and differentiated adipocytes mainly secreted AM-mature. In differentiated adipocytes, AM had effects on lypolysis and glucose incorporation, and these effects were mediated by different cellular signaling mechanisms. Our data suggest that endogenous local AM secreted by adipocytes may modulate the adipogenesis and lipid metabolism.
AM is strongly expressed in the cardiovascular system (12) , and previous studies have demonstrated that AM exerts cardiorenoprotective effects via pleiotropic effects, including antioxidative stress, angiogenic, and antiproliferative effects (8, 22, 28) . However, reported studies of the expression of AM in preadipocytes during differentiation and in adipocytes are limited and inconsistent. Li et al. (14) studied the expression of AM and resistin in 3T3-L1 preadipocytes and adipocytes by Northern blot analysis and showed that AM mRNA was expressed in 3T3-L1 preadipocytes but was undetectable in adipocytes, whereas resistin mRNA was not detected in 3T3-L1 preadipocytes but was expressed in adipocytes. It was also reported that preadipocytes at early differentiation stages secreted AM, but mature adipocytes did not secrete AM (34) . In contrast, a recent study showed that the expression of AM mRNA increased in human mesenchymal stem cell-derived adipocytes at days 4, 8, 12 , and 18 (16). Fukai et al. (2) showed that AM mRNA expression in a mouse preadipocyte cell line (3T3-L1) transiently decreased by day 3, returned to the basal level by day 6, and then increased by day 9 during preadipocyte differentiation. Our observations that rat preadipocytes expressed the AM gene at day 1, and AM mRNA levels increased at day 5, and this increase was maintained through day 10 seems to be consistent with the latter reports. This increased expression of AM and receptor component in undifferentiated preadipocytes suggests that AM may play a role in adipogenensis. Indeed, administration of AM increased the number of Oil Red Opositive cells and the spectrophotometric absorbance of intracellular Oil Red O, suggesting the role of AM in adipogenesis. Because the role of AM in adipogenesis appears complicated (5) , further studies will be required to elucidate the exact role of AM in adipogenesis. The reasons for the discrepancies of the reported results regarding AM mRNA expression during adipocyte differentiation remain unknown at present; however, these inconsistent data may reflect differences in cell types, species, and culture conditions. Further studies will be necessary to resolve these discrepancies.
In the present study, we analyzed the molecular forms of AM that were secreted by preadipocytes and differentiated adipocytes. In the biosynthesis of AM, AM precursor is converted to COOH-terminal glycine-extended AM (AMglycine), which is an inactive intermediate form of AM. Subsequently, inactive AM-glycine is converted to the ac- tive form of AM-mature by PAM, an amidation enzyme (13) . Recent studies showed that two molecular forms of plasma AM circulate in human plasma (13) , the major circulating form of AM is AM-glycine, and both plasma AM-mature and AM-glycine levels are increased in parallel in patients with hypertension and heart failure (6, 24, 26) . In the present study, we first showed that the major molecular form of AM in cultured preadipocytes was AM-glycine and that the AM-mature/AM-glycine ratio increased during differentiation, and differentiated adipocytes mainly secreted AM-mature rather than AM-glycine. This higher AM-mature/AM-total ratio is associated with an increase of mRNA levels of PAM. Interestingly, the dissociation between mRNA levels of AM and AM total levels in the medium was observed. The dissociation between the mRNA levels and peptide levels have been often observed. Indeed, we previ- ously reported the dissociation between the mRNA levels and peptide levels of AM in pressure-overloaded cardiac hypertrophy (21, 39) . Although the exact mechanism of dissociation between the mRNA levels and protein levels still remains unknown, the process of translation and/or processing of AM precursor may be involved. Increased AM-mature/AM-total ratio and receptor mRNA levels in differentiated adipocytes may lead to enhancement of AM signaling. In addition, AM-mature levels in the medium might be underestimated because AM bound to the receptor in the autocrine fashion could not be secreted into the medium. The AM level per 10 5 cells was ϳ250 fmol/12 h in adipocytes, which was almost consistent with the previous report by Li et al. (15) , who stimulated 3T3-L1cells adipocytes by TNF-␣ (15). However, these values are considerably higher compared with those in cultured rat endothelial cells (ϳ20 fmol/12 h), vascular smooth muscle cells (ϳ5 fmol/12 h), cardiac fibroblasts (ϳ35 fmol/12 h), myocytes (ϳ20 fmol/12 h), human skin fibroblasts (ϳ100 fmol/12 h), and human lung fibroblasts (ϳ100 fmol/12 h) (9, 10, 15, 32, 36) . Thus, the higher levels of the active form of AM in the medium of differentiated adipocytes suggest the role of endogenous AM in lipid metabolism in adipocytes.
Harmancey et al. (4) recently examined the effect of AM on lipolysis in the 3T3-F442A cell line. They showed that AM inhibited isoproterenol-stimulated lipolysis by a nitric oxide (NO)-dependent mechanism. However, the effect was cGMP independent, as it occurred in the presence of an NO-sensitive guanylate cyclase inhibitor. Liquid chromatography-tandem mass spectrometry showed that AM-produced NO-oxidized isoproterenol to generate its aminochrome, namely isoprenochrome, suggesting that AM downregulates lipolysis in adipocytes through the chemical modification of a ␤-agonist by producing NO. In contrast to the finding of Harmancey and colleagues, we found that even AM monotreatment dose dependently increased lipolysis, and cotreatment with isoproterenol showed an additive effect on lipolysis. An additive effect of AM and isoproterenol on lipolysis was observed at their lowest concentrations and the maximal lipolytic effects of isoproterenol were amplified by the addition of 10 Ϫ7 M AM, suggesting that the cellular signaling pathways of the two compounds may be different, although both AM and isoproterenol are known to elevate intracellular cAMP levels. Indeed, the isoproterenol-induced lipolytic effect was PKA dependent, because the PKA inhibitor abolished the isoproterenol-induced lipolytic effect. The AM-induced lipolytic effect was also inhibited by KT5720. However, U0126, which directly prevents MEK from phosphorylating ERK, completely inhibited the AM-induced lipolytic effect, but not the isoproterenolinduced lipolytic effect. U0126 inhibited the AM-induced phosphorylation of ERK in adipocytes without affecting the AM-induced phosphorylation of PKA. Phosphorylation of PKA is known to moderately increase hormone-sensitive lipase (HSL) hydrolytic activity and to translocate HSL onto lipid droplets (3), thereby enhancing the lipolytic activity. ERK activation also increases the phosphorylation of HSL at Ser and increases HSL hydrolytic activity (35) . Therefore, we propose that isoproterenol-induced lipolytic effects might be mainly due to PKA-mediated translocation and activation of HSL, and AM-induced lipolytic effects might be due to an ERK-mediated increase of HSL phosphorylation and hydrolytic activity. Further studies will be required to investigate these possibilities. The question of why AM-induced lipolysis is directly linked to ERK activation, but not PKA activation, awaits further study. The discrepancy between the findings of the two studies may be due to the different effects of AM in the 3T3-F442A cell line and rat differentiated adipocytes. The effect of insulin on glucose transport is known to be dependent upon translocation of the muscle and adipocyte glucose transporter GLUT4 from microsomes to the plasma membrane via the PI 3-kinase pathway (11, 38) . This effect of insulin is known to be abolished by wortmannin, a PI 3-kinase inhibitor. In the current study, we examined the effect of AM on glucose incorporation and its signaling mechanism compared with that of insulin. AM significantly increased 2-deoxy-D- [1- 3 H]glucose incorporation, and this effect of AM was abolished by wortmannin, but not KT5720 or U0126. Furthermore, AM increased the phosphorylation of Akt, and this effect was also inhibited by wortmannin. Thus, we have demonstrated for the first time that AM enhances glucose transport in adipocytes through the PI-3 kinase/Akt pathway, as shown for insulin. Recently, Tsuchiya et al. (37) showed that glucose disposal was significantly increased in chronic AM-infused mice compared with control mice after a glucose tolerance test. Taken together, these results suggest that AM may improve glucose intolerance via improving glucose incorporation in adipose tissue. Further studies will be required to elucidate the exact role of AM in the metabolism of adipose tissue.
The present study demonstrated the high expression of AM and its receptor system in differentiated adipocytes. AM enhanced lipolysis and glucose incorporation via different intracellular signaling mechanisms in differentiated adipocytes. A schematic diagram depicting the signaling supported by the present study is shown in Fig. 8 . Such roles of the local AM system in adipocytes might be physiologically important in the function of adult adipose tissue. Thus, our results may provide insight into the pathophysiology of obesity-related conditions such as metabolic syndrome.
Perspectives and Significance
We and others have previously reported that plasma AM levels are increased in obese patients. We also have found that adipocytes secrete a considerable amount of AM, and AM has an effect on lipolysis and glucose incorporation. Given the potent lipolysis and glucose incorporation of AM, it may be interesting to investigate whether AM administration is beneficial in patients with severe obesity and obesity-related metabolic syndrome.
